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(71) We, KOEI CHEMICAL CO. 
LTD., a Japanese Company of 40, 2-chome, 
Doshomachi, Higashi-ku, Osaka, Japan, do 
hereby declare the invention, for which we 
5 pray that a patent may be granted to us, 
and the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to a method for 
10 recovering ditrimethylolpropane formed as a 
by-product in the production of trimethylol- 
propane by reacting n - butyraldehyde with 
formaldehyde in an aqueous medium in the 
presence of an alkaline catalyst. 

It is well known to produce tamethylol- 
propane by the reaction, in an aqueous 
medium, of n - butyraldehyde with formalde- 
hyde in the presence of an alkaline catalyst, 
for example, a hydroxide of an alkali metal 
or an alkaline earth metal. This reaction may 
be represented as follows: 

CH :i CH,CH 2 CHO + 3CH,0 + MOH 

CH 2 OH 

— >CH,CH^C— CH.OH+HCOOAI 
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CH 2 OH 

wherein M represents an alkali metal or 
alkaline eardi metal. This method is very 
well known in the art and there are many 
patents (e.g. U.S. Patent No. 3,097,245) and 
literature references dealing therewith, so that 
ir need not be described in detail. 

It is also known that ditrimethylolpropane 
is also formed as a by-product in the above 
. production of trimethylolpropane. In this con- 
nection, reference may be made for example 
to U.S. Patent No. 3,097,245. 

CH-OH CHoOH 
I I 
35 CH :: CH 2 — C— CH.O— CH— C— CH.CH-. 
I "I 
CPLOH CH.OH 
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Ditromethylolpropanc is useful as a material 
for the manufacture of e.g. alkyd resins, plasti- 
cizers, and lubricants, and therefore it would 
be industrially significant if ditrimethylol - 40 
propane formed as a by-product in the pro- 
duction of trimediylolpropane as mentioned 
above could be readily and effectively 
recovered. However, there has been no report 
teaching or suggesting such recovery of ditri- 45 
methylolpropane. 

Therefore, it is an object of diis invention 
to provide a method of recovering ditri - 
methylolpropane formed as a by-product in 
the production of trimethylolpropane. 50 

Another object of this invention is to pro- 
vide a method for purifying ditrimethylol - 
propane so recovered. 

Other objects of this invention will become 
apparent from the following description. 55 

In the industrial production of trimethylol- 
propane, n - butyraldehyde is reacted with 
formaldehyde in an aqueous solution in the 
presence of an alkaline catalyst (typically lime 
or sodium hydroxide). After the reaction, tri- 60 
methylolpropane is separated from the reac- 
tion mixture by a known convenient method. 
Thus, for example, the reaction mixture, 
optionally after being concentrated, is sub- 
jected to extraction with a solvent, c.$. ethyl 65 
acetate, amyl alcohol methyl isoburyf ketone, 
hexyl alcohol, isooctyl alcohol or cyclohexanoJ. 
By this method there is obtained a solution 
of trimethylolpropane substantially free from 
formate. Alternatively, water is substantially 70 
removed from the reaction mixture and the 
concentrate is filtered while hot to separate 
formate from crude trimethylolpropane. In 
any case, the crude trimethylolpropane orbits 
solution thus obtained is purified by vacuum 75 
distillation. The above mentioned separation 
and subsequent purification of trimethylol- 
propane is also well known per se in the art 
so that no further description is necessary. 

In the bottom residue remaining after the 80 
said vacuum distillation there are contained 
ditrimethylolpropane, in addition to various 
by-products which are non-crystalline at room 
temperature, as well as formate. It is difficult, 
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however, to effectively and economically 
recover dirrimethyHIpropane from such bottom 
residue. Thus, for example, it is possible to 
recover ditrimethylolpropane ; from the res.due 
5 bv conducting the recrystalhzauon with the 
use of water or a proper orgamc solvent such 

as acetone; in ujo - 

recrvstallization is required to obtain a pro- 
duct with the purity required for use as indus- 
10 trial material. Diuimethylolpropane can also 
be recovered by treating the bottom res.due 
with acetic anhvdride to acetylate ditri- 
methvlolpropane and then iso lating the acetyl- 
ated 'product by vacuum distillation, followed 
15 bv decomposition with alkali to ditrimethylol- 
propane; this method is troublesome and is 
industrially not practical. The bottom res.due 
"self or the same after removal of the major 
part of the remaining formate by a suitable 
20 method may be subjected to vacuum distilla- 
doTto recover ditrimethylolpropane; however 
ditrimethvlolpropane has a very high bo.l.ng 
pEt* and therefore undergoes thermal decom- 
position during the distillation. 
25 We have unexpectedly found that wnen the 
bottom residue containing divrimethylolpro- 
Snels subjected to steam distillation with 
superheated steam under a pressure less than 
atmospheric pressure ditrimethylolpropane can 
30 be readily and elYectively recovered in the 
form of its aqueous solution without causing 
aTnoticeable decomposiuon of ditnmethylol- 
uroDane Upon removal of water from the 
aqueous soludon thus obtained there is 
*5 recovered ditrimethylolpropane which has 
purity sufficiently high for the use as an indu - 
[rial material. If pure ditrimethylolpropane s 
Haired the above recovered ditrimethylol- 
pSpane may be repeatedly recrvstallized from 
40 water or a suitable organic solvent such as 
acetone. Alternatively, the aqueous solution of 
diuimethylolpropane obtained by the super- 
heated steam distillation under reduced pres- 
sure may be concentrated and cooled to cry- 
45 staltae ditrimethylolpropane, which mav r>e 
subjected to repeated recrystallmuon from 
water or a suitable organic solvent such as 

In carding out the method of this inven- 
50 tion it is preferable to employ steam heated 
5 to a temperature within the range from 160 
to ->20°C. The steam distillation with such 
superheated steam should be conducted under 
sub atmospheric pressure according to tins 
55 invention. A preferable pressure is 30-100 
mmHs. Though other pressures outside the 
above^ range may, of course, be used for the 
vacuum distillation, the use of a higher ^vacuum 
will cause difficulty in collecting the distillate 
60 while a lower vaciiurn will reduce the con- 
centration of ditrimethylolpropane ^in the dis- 
tillate, which is not economical. The .preferred 
temperature inside the distillation still is ; from 
170 to 220°C. When heated above 220 
65 ditrimethvlolpropane would be decomposed 



due to the presence of formate, while at a 
temperature below 170°C, the concentration 
of ditrimethylolpropane in the distillate is 
reduced. The most preferable conditions inside 
the distillation pot are 180-200°C under a 70 
reduced pressure of from 50 to 80 mmHg. 
Bv the vacuum distillation with such super- 
heated steam, there is obtained an aqueous 
solution of ditrimethylolpropane, which can be 
isolated simplv by distilling water away. 75 
Alternatively the aqueous solution may be 
concentrated and cooled to crystallize ditri- 
methvlolpropane. Ditrimethylolpropane thus 
obtained has a purity sufficient for use as a 
material in the manufacture of e g. alkyd w 
resins, plasticizers, and lubricants If desired, 
ditrimethvlolpropane may be further purified 
by recrvstallization as explained herembe- 

f °The following Examples illustrate the pre- 85 
sent invention. 

Example 1 

Two hundred and sixteen grams of n - 
butvraldehyde and 300 grams of a 48 /> 
aqueous solution of caustic soda were added 9U 
dropwise simultaneously and gradually to 2970 
srams of a 10% aqueous solution of form- 
aldehyde, with thorough stirring. Tl» reacaoii 
temperature was maintained at 35 ^ oy 
external cooling. The time required for the 95 
addition of the n - butyraldehyde was two 
hours and that required for the aqueous solu- 
uon of caustic soda was one hour and 45 
minutes. After further stirring at 35 C, for 
four hours, the temperature was made to rise, im> 
and was maintained at 70°C. for three hours. 
After being neutralized to pH 6.8 by the addi- 
tion of formic acid, the solution was concen- 
trated under reduced pressure until it had 
a specific gravity of 1.244 (at 25*C), and was 105 
extracted with l.VK) grams of butyl acetate 
in four portions. The extracts were combined 
and all butyl acetate was recovered by distil- 
lation under reduced pressure. Then, 352.5 
grams of trimethvlolpropane were obtained by lio 
distilling the residue at 13 5-140 °C under 
a reduced pressure of 1.5 mmHg. By this 
procedure, there lemained 39 g. of bottom 
residue in the still pot. The pot was then 
heated at 180°C. and superheated steam 115 
(200° C.) was introduced therein, while main- 
taining a vacuum of 50 mmHg in the system. 
After one hour, 220 grams of distillate were 
obtained. After evaporating water from this 
distillate, there were obtained 15 g. of pro- izu 
duct (m.p. 98— 105°C) of a considerable 
purity This product was recrystalhzed from 
50 cc of acetone. The recrvstallization was 
repeated three times to obtain pure dim- 
methylolpropane (10 g.) having a melting 125 
point of 108— 109°C 

Example 2 

Thirty nine grams of the bottom residue 
obtained as in Example 1 were heated to 
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1,291,335 
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200°C. and superheated steam (200°C.) was 
introduced therein for 1 hour while maintain- 
mg a reduced pressure of 40 mmHg to 
obtain 160 grams of distillate. The distillate, 

5 after having been distilled to evaporate water 
and concentrated to 50 grams, was cooled to 
20 C The precipitated crystals were filtered 
and re-crystallized twice from 50 cc acetone 
to obtain nine grams of ditrimethylolpropane 

10 having a melting point of 108 — 109°C. 

Example 3 

Two hundred and sixteen grams of n - 
butyraldehyde and 136 g. of calcium hydroxide 
'90% purity) were added dropwise simultane- 
ously and gradually to 2840 g. of a 10% 
aqueous solution of formaldehyde with 
thorough stirring. The reaction temperature 
was maintained at 25 C C. by external cooling. 
The time required for the addition of n - 
20 buryraldehyde and calcium hydroxide was 8 
hours. After furthor stirring at 25°C. for one 
hour, the reaction mixture was neutralized to 
pH 6.8 by the addition of formic acid, and 
was concentrated under vacuum until the 
major part of water was distilled away. After 
the precipitated calcium formate had been 
separated off by titration while hot (70°C), 
the crude trimethylolpropane was distilled at 
150 — 155 °C. under a vacuum of 3 mmHg. 
By this procedure, there remained 45 g. of 
bottom residue in the still pot. The pot was 
thenjieated to 200°C. and superheated steam 
(210 C C.) was introduced therein for 1 hour, 
while maintaining a vacuum on the system of 
50 mrallg, to obtain 200 g. of distillate. The 
distillate was concentrated to dryness to give 
12 g. of product consisting mainly of ditri- 
methylolpropane and useful as an industrial 
material. Recrystallization from acetone (40 
cc) was repeated three times to obtain 6 g. of 
pure ditrimethylolpropane having a melting 
point of 108— 109°C. 
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WHAT WE CLAIM IS: — 

1. A process for recovering ditrimethylol- 
propane from the bottom residue obtained in 45 
the production of trimethylolpropane from n- 
butyraldehyde and formaldehyde in the pres- 
ence of an alkaline catalyst, which comprises 
subjecting the residue to steam distillation 
with superheated steam at a pressure less 50 
than atmospheric pressure, to obtain a distil- 
late containing ditrimethylolpropane. 

2. A process as claimed in Claim 1 wherein 
the steam distillation is carried out at a tem- 
perature of 170— 220°C. under a pressure of 55 
30—100 mmHg. 

3. A process as claimed in claim 1 wherein 
the superheated steam has a temperature 
of 160 — 220°C. 

4. A process as claimed in any of the pre- 60 
ceding claims wherein water is removed from 

the distillate resulting from the steam distilla- 
tion to obtain ditrimethylolpropane. 

5^ A process as claimed in any of Claims 
1—3 wherein the distillate resulting from the 65 
steam distillation is concentrated and cooled 
to precipitate ditrimethylolpropane. 

6. A process as claimed in Claim 4 or 5 
wherein the ditrimethylolpropane is recry- 
stallized from water or an organic solvent. 70 

J.\ A process is claimed in Claim 6 in 
which the organic solvent is acetone. 

5. A process as claimed in claim 1 and 
substantially as described in any one of 
Examples 1 to 3. * 75 

9. Ditrimethylolpropane when recovered by 
die process claimed in any one of claims 1 
to 8. 

STEVENS, HEWLETT & PERKINS, 
Chartered Patent Agents, 
5, Quality Court, 
Chancery Lane, 
London, W.C.2. 
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